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PREFACE 


The  investigation  reported  herein  vas  conducted  by  personnel  of  the 
Instrumentation  Services  Division  (ISD),  li.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  during  the  period  February  to  March  1901. 

The  program  was  under  the  direct  supervision  of  Mr.  Francis  P.  Hanes, 
Chief,  ISD.  Mr.  F.  P.  Leake  conducted  the  experimental  portion  of  the  study. 
Messrs,  har.es,  Leake,  and  G.  P.  Bonner,  Chief,  Special  Services  Branch,  ISD, 
prepared  the  report. 

LTC  David  C.  Girardot,  Jr.,  CE,  was  Acting  Commander  of  WES  during 
the  course  of  this  study.  Mr.  F.  R.  Brown  was  Acting  Director. 
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ELECTRICAL  NOISE  PROBLEMS  ASSOCIATED  WITH  CARLE  ANi>  GAGE 


FAILURE  DURING  EXPLOSIVE  TESTING 


PART  1 :  BACKGROUND 

1.  Elements  of  the  Waterways  Experiment  Station  (WES)  have  been 
involved  in  explosive  testing  for  more  them  P5  years.  During  this  time, 

an  increase  in  interest  has  evolved  in  measurements  approaching  the  ground- 
zero  region.  The  requirement  to  locate  instrumentation  close  to  the  explosion 
resuite  in  the  destruction  of  some  gages  and  cables,  and  the  process  sometimes 
produces  extremely  high  noise  levels  on  surviving  data  channels. 

2.  While  some  measurements  on  explosive  tests  have  been  made  bj 

other  means,  many  WES  measurements  have  employed  a  resistive  or  piezo-resistive 
strain  gage  bridge  as  a  transductive  element.  All  measurements  referred  to 
in  this  report  are  of  this  type. 

3.  The  recently  completed  Silo  Test  Program  (S'lT)  produced  noise 
problems  on  certain  channels  that  were  more  severe  than  had  been  experienced 
previously  by  WES  instrumentation  engineers.  During  the  d  ta  reduction  phase 
ol  STPII ,  it  became  apparent  that  remedial  action  was  indicated  if  future 
tests  like  the  STPII  event  were  to  produce  noise-free  data.  At  this  time, 

WES  engineers  began  evaluating  earlier  field  data  with  respect  to  the  noise 
problem.  Data  from  the  events  listed  below  wei e  reexamined  in  on  Is  study. 

a.  19ui*-19T1*  (various  experiments):  Cross  talk  was  noted 

between  carrier  and  DC  excited  data  channels.  This  cross 
talk  was  reduced  to  acceptable  levels  by  separation  of  DC 
and  carrier  cables  and  signal  conditioners. 

Ip.  197U  (ESSEX):  Cross  talk  was  noted  between  another 

experimenter's  equipment  and  WES  Bytrex  HFG*  pressure  gages. 

c_,  1976  (DICK  THROW):  Cross  talk  was  noted  on  Bytrex  HFG  gages 

due  to  cable/gage  destruction. 

d.  1976  (Post  DICE  THROW):  Tests  prove  that  FO-pair  TSP  cable 
is  superior  to  telephone  type  50-pair  cable  with  respect 
to  noise  generated  by  gage/cable  destruction.  Excitation 
short,  to  shield  proved  to  be  worst  case  fault. 


*  HFG  gages  were  either  used  to  afford  compatibility  with  another  experi¬ 
menter's  data  or  recorded  for  another  agency. 
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_e.  IQi'O  (MIGHTY  MACH):  A  abort,  developed  on  a  bytrex  lii'C 
gage  producing  noise  and  :s  talk  similar  to  t.iiat. 
associated  with  KGSKX  data.  This  short  was.  between 
excitation  and  shield. 

_f .  1980  (o'iTll  Demonstration  Shot):  Cross  talk  was  noted 

between  surviving  and  destroyed  ehannejs . 

£.  1900  ( flTPl  .1  Cal  Shots):  Cross  talk  was  noted  due  to 

short  between  excitation  and  shield j  some  gages  were 
alTected  more  than  others. 

h_.  1980  (STi'Il  Main  Event):  More  11  ise  and  cross  talk  due 

to  destroyed  gages  was  recorded  on  certain  acceleration 
channels  than  on  any  prior  WKS  test. 

h .  As  a  result  01'  tills  reexamination,  certain  parameters  were 
selected  as  probable  contributors  to  the  noise  problem.  These  were  (a) 
gage  resistance  and  symmetry  and  their  effects  on  signal  conditioner 
common  mode  rejection  ratio  (CMBR*),  (b)  cable  typ?,  (e)  g ape  excitation 
source,  and  (d)  signal  conditioner  power  source.  As  the  experiment  progressi 
some  at.tention  was  given  to  excitation  voltage  level,  cable  length,  "cokumoii/ 
ground"  location,  amplifier  type,  fault  type,  and  cable  termination. 

j ,  Subsequent  8Ti  events  are  plannee  with  more  severe  environments 
tlian  those  fielded  previously  arid,  without  improvement,  data  quality 
from  these  events  could  be  compromised  by  noise. 


*Common  mode  rejection  ratio  is  defined  as  the  ratio  of  differential  fain 
to  common  mode  gain: 

CMRR  =  — — 

cm 

Or  in  decibels:  CMR  (db)  =  20  log  CMKR 

For  more  details  see  "Operational  Amplifiers  Design  and  Applications", 
Tobey,  Graeme,  Huelsman;  McGraw-Hill. 
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b.  lost'liorl  ems  on  var  i  oils  events  have  shown  ivi.k'm'i'  that  mU'd:  of 
till'  llo  i  so/ c  ross  tu  IK  reeoro.ed  was  il  1*1*  tv  ‘  cable  i'l'  pure  desfrurtio:.  1. 1 1 : :  t . 
resulted  il!  shorted  cubic  elements.  the  siiiij' t  i  up,  process  prohab !  v  was 
not  a  simple  one  and  is.  not  easily  simulated.  With  this  in,  iuiii.1,  Vi i-d '• 
enpi ueers  set.  about  sliortinp  dil'i'ereat  1  ai  re,  o:'  data  channel  elements 
and  notinp  the  effects.  It  was  found  that  a  fault  ponoruf  ed  by  short,  inp 
an  excitation  lead  to  eub  I  e  shield  twiiero  the  e.hiel.i  is  e!  eetrieal  l.v 
connected  to  excitation  common  or  earth)  produced  2:1  hipiier  noise  awpii  fuses, 
than  faults  generated  by  sliortinp  any  other  pairs.  Vniess  otherwise  noted, 
fault  simulation  was,  them  .ore,  limited  to  exeifnt  ion.'shiolu  shorts  for 
data  taken  duriup  this,  investigation.  It  is-  lvoie.iiited  that  there  is. 
conceivably  a  fault  source  that  produces  more  noise  than  the  exo i tat  ion,' 
shield  snort,  but  it  would  probably  not  be  a  sinpu-ai  event..  One  ef  the 
acknowledged  deficiencies  of  this  investigation  was.  file  inability  to 
reproduce  noise  levels  approachinp.  tiiosc  of  oiTij.  There  is-  reason  to 
believe  that  these  noise  levels  were  the  result  of  multiple,  additive  faults. 

7.  The  iiytrex  iiKO  pressure  pape  has  been  associated  with  noise/ 
cross  talk  on  several  WK'e  events.  This,  (tape  is  wore  asymmetrical  with 
respect  to  sipnai  -  excitation  bridpe  resistance  than  any  ether  rape  use.! 
by  Wil'd :  thus,  the  hypetliesis  th.at  p.ap.e  asymmetry  influences  noise  suscep¬ 
tibility  by  af  feet  in, -t  the  OMHK  of  the  sipna)  send  i  t  i  oner  .  The  hyt.rox  paper, 
owned  by  WT'o  read  about  •'•Othl  between  one  sipnai  load  and  either  excitation 
lead,  and  about  1  bOOsl  between  the  other  sipnai  lea.;  and  elfin:  ex-1  J  t  e  ion 
lead.  The  typical  W'KP  ltytrex  p ape  was  simulated  in  this  investip.at  ion 
with  one  percent  resistors  as  shown  in  Fip.ure  1. 

8.  Tiu-  cable  1  enpt.ii  used  was  1;>00  ft.  This  lenpth  is  the  same 
as  tiie  cable  runs  for  b’i’i  i  i  and  is  typical  of  most  recent  Who  field 
experiments . 

9.  The  cable  types  invest ipafed  were  (a)  ‘jU  twisted  pair  (telephone 
type),  (b)  20  twisted,  shielded  pair  furnished  by  the  Defense  Nuclear 

Aper.ey  (DMA),  and  (e)  A-eonduetor  braid  shielded  similar  to  belucn  Mode:  VDeO. 


'i'wo  rum;  of  fi-eonduetor  ruble  were  wound  on  n  eonmion  reel  l.o  sjinmate 
u  eubJe  buii>il  o  us  in  u  field  cable  trench.  '1  hr  majority  of  cable  used 
by  WKb ,  except.  coaxial,  for  the  pas t  20  years  liar,  been  peneruliy  restricted 
to  these  three  types. 

10.  The  sip.nal  conditioners  used  l'or  this  investigation  were  built 
by  WKb,  with  one  exception  -  This  was  the  Eetron  Model  YYeB  on  loan 
to  Will  from  15K A  Held  Coiuuaiui.  'J'he  rletron  has  been  used  successfully  on 
several  events  at  the  Nevada  Test  bite  (N'lb)  and  is  considered  state  of  the 
art  by  some  members  of  the  UK A  community  due  to  its  hiph  cMKK  and  fast 
recovery  from  input  overload. 
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1  J  .  Most  Of  tile  U'lUl’  WL'I'C  COlid  lie  t  cd  i'll  t  til*  il  :  Mudci  :  Ifi  A 
sipnal  Oi'iid  i  tioner .  The  10JA  schema!.  i  c  is  shown  i  i:  Kipure  faults 

Were  simulated  by  connection  of  fi  nip.nal  p.enerator  (square  vihvc)  ucross 
fault  pairs.  The  data  channel  that  experienced  tin-  fault  wan  called  the 
transmitter.  The  data  channel  used  to  measure  the  effects  of  the  fault 
was  called  the  receiver-  both  transmitter  and  receiver  were  connected 
to  the  1  f  00  —  ft  cable  ier.p.ths.  The  receivin'  input  was  fed  by  a  a -arm 
Wheatstone  bridge  consisting  of  one  percent  resistors.  The  signal 
conditioners,  were  wired  for  either  common  or  separate  power  and  excitation 
or  constant  current  excitation  with  common  power.  These  three  conf i duration 
ars  shown  in  Figures  3-‘_>. 

Id.  The  inputs  of  the  Eetron  776b  sipnal  conditioners  were 
substituted  for  and  connected  the  same  as  the  WES  103A.  f.poei  t'i cations 
and  details  of  the  7i'6b  may  be  obtained  from  the  Eetron  Corporation . * 

13.  The  input  to  tlie  transmitter  was  monitored  by  a  Tektronix 
Model  dl!i  oscilloscope  (battery  powered).  The  output  of  tlie  receiver 
was  monitored  by  a  Tektronix  Model  Vol  oscilloscope . 


^Personal  Communication,  Earl  Cunningham,  Eetron  Corporation,  61  (p)  Engineer 
Hoad,  Sail  Picpo,  California  (Telephone  YlA/ff 8-0600) . 


1- . 


I'A.iT  IV:  KK;U;i/iO 

The  ro:;ultn  oT  t.lii:;  inveutipal  ioi:  are  prerented  in  lipure  (>. 

The  iu.>i  re  level;'-  are  referenced  to  the  receiver  input.  In  order  to 
emphasize  the  ripni  licence  of  the  noire  l'ipurer,  the  reader  i ;;  reminded 
that  a  single  active  uni;  strain  pape  bridge,  excited  at  10  Vac,  producer 
approximately  0 .  8  mV  piven  u  1 00-inic  rout  rain  input.*  buokpivund  noise 
level;'-  were  0. 1-0.8  mV  j'-i'.  This  noire  war  either  white  or  multiple:; 
ob  oOliz . 

18-  The  OMK  v d h )  I'or  the  WKd  103A  c-ipnul  conditioner  war  reevaluated 
aurinp  this  investigation  for  com pari  r-oti  with  t  in-  Kctr.  n  7':’"!'.  At 
x  1000  pain,  the’  10jA  CMH  (db)  war.  62.8  db  from  100  Hz  to  .100  kHz.  With 
input  resistors  trimmed  Tor  i:;axiniun.  CMH  (db)  ,  100  Hz  to  10  kHz,  the  103A 
achieved  80  ab.  The  Ketron  r.pecificationr  claim  a  CMR  (db)  oT  l.?5  db  at 
x  1000  pain  from  do  te  5°  kHz  and  108  db  Tron  80  kHz  to  800  kHz. 


*  0.  0.  Ferry  and  H.  H.  Lissner.  1962.  "The  Strain  Gape  Primer. 
2nd  iiditio.n ,  MeCiruv-  H  L 1 1  . 
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l’Aii'i  IV:  HKj'UI i‘j G 

1'*.  The  results  of  this  invest  ipatiei:  are  present  ed  in  Pipure  (j. 

'J  he  no:  so  level  r.  ure  re  feronood  to  the  receiver  input,  In  order  te 
emphas  i  ze  the  sip.ni  fi canoe  eh'  the  noire  I'ip.urcr.,  the  reader  in  reminded 
that  a  single  active  arm  strain  p.ape  bridge,  excited  at  10  Vde,  produces 
approximately  0.5  mV  pi  von  a  100-mierostrai  :i  input.*  back, -round  noise 
levels  were  0.1-0. 5  mV  P-P.  This  noise  was  either  white*  or  multiples 
of  uOiiz. 

1  5 .  I  he  CMH  (db)  for  the  WPP  10jA  sipnal  conditioner  was  reevaluated 
during  tUi u  investipution  for  eonpari r.on  witii  tin*  Rctron  TYoh.  At. 
x  1000  pain,  the  103A  CMH  (db)  war.  6 ?.‘j  db  from  100  liz  to  100  kb?..  With 
input  resistors  trimmed  for  maximum  CMH  (db).  100  Hz  to  10  kHz,  the  103A 
aciiieved  tiO  ab.  The  Kctron  specifications  claim  a  CMH  t db )  of  105  db  at 
x  1000  pain  from  do  to  50  kHz  and  105  db  from  50  kHz  to  500  kHz. 


r  C.  C.  Perry  and  H.  H.  Lissner.  Id62.  "The  Strai n  Gape  Primer. 
2nd  Petition,  McCray-  Hi  1 1  . 
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PART  V:  DIGCUSSlOii  AND  CONCLUSIONS 


lb.  At.  first  (glance,  the  reader  may  deduce  from  the  data  in 
Figure  b  that  by  symmetrizing  a  gage  one  may  achieve  virtually  noise- 
free  data  (compare  data  line  3  with  lines  !t  and  5).  True,  this  produces 
great  improvement  in  CMRR  compared  to  nonsymmet r icai  gage;  ,  ;ut  WES  was 
already  operating  in  the  2-5  mV  noise  range  going  into  STP.  Again, 
the  UOOfj/i'  10i>  gage  configuration  is  indicative  of  WES  experience  with 
the  Bytrex  HFG  gage  and  is  presented  here  as  a  worst  case  condition. 

The  highest  noise  levels  recorded  on  STP  were  produced  by  structural 
acceleration  channels  using  Endevco  Model  226L-C  accelerometers.  A 
random  sample  taken  from  WES  stock  during  this  investigation  showed 
variations  in  226L-C  bridge  lead  resistances  from  0.6  percent  to  22 
percent  where  the  Bytrex  sample  showed  variations  on  the  order  of  27  5 
percent . 

17.  A  comparison  of  data  lines  3  with  13,  u  with  17,  and  5  with 
16  indicates  that  no  advantage  is  gained  by  choosing  U-conductor  shielded 
cable  ever  20  TSF.  This  conclusion  should  be  reserved  until  a  comparison 
is  made  between  data  lines  8  and  19,  9  and  16,  and  11  ana  21.  Together 
these  comparisons  indicate  that  the  advantage  of  one  individual  cable  per 
channel  is  realized  only  when  power  ard  excitation  sources  are  separated. 

16.  The  Ectrcn  776b  signal  conditioner  is  an  example  of  extreme 
circuit  isolation.  After  the  results  of  tests  with  the  Ectron  on  20  TSP 
and  L-eonductor  cables  were  evaluated ,  further  efforts  toward  noise  reduction 
with  WES  signal,  conditioners  were  concentrated  on  isolation  of  the  powe;’ 
and  excitation  sources,  assuming  that  individual  h-conductor  cable  is 
used.  Further  pursuit  of  higher  CMRR  for  the  WES  103A  was  foregone  on 
the  premise  that  the  advantages  held  by  the  Ectron  over  the  WES  were 
probably  attributable  to  circuit  isolation  rather  than  CMRR.  Apparently 
the  Ectron  CMRR  was  not  the  complete  solution  to  the  noise  problem 
associated  with  transducer  and  cable  effects. 
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19-  Some  tests  were  run  that  produced  data  not  shown  on  Figure  6. 
The  conclusions  drawn  from  these  data  included: 

<i.  There  is  a  nonlinear  relationship  between  cable  length 
and  noise  level  received  (x  15  length  increase  causes 
approximately  x  2  noise  level  increase). 

b.  For  excitation-shield  faults,  the  noise  frequency  is 
inversely  proportional  to  cable  length  (x  3  length 
increase  =  x  3  frequency  decrease). 

c_.  Excitation-shield  fault  produces  higher  frequency 

noise  on  a  given  cable  length  than  excitation-excitation 
fault  (l'or  1500-ft  TSP  cable:  exc/sh  fault  -  50  kHz; 
exc/exc  fault  -  15  kHz). 

d_.  Signal  to  noise  ratio  is  reduced  by  termination 
resistance  on  receiver  cable  but  is  unaffected  by 
termination  resistance  on  transmitter  cable. 

20.  The  results  of  this  investigation  are  presented  as  indicators 
of  certain  paths  that  are  available  to  the  experimenter  in  his  efforts 
to  reduce  noise  in  measurement  systems. 
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PART  VI:  R EC OMKEN DAT IONS 


21.  Further  noise  testing  at  WEE  will  include:  (a)  the  comparison 
of  constant  current,  separate  and  common  excitation  signal  conditioners 
run  on  individual  h-conductor  cables  under  controlled  failure  conditions 
in  the  field,  (b;  the  development  ana  testing  of  close-in  signal  conditioning, 
probably  located  at  the  junction  box,  (c)  increasing  the  frequency  response 
of  the  WES  103A  signal  conditioners,  and  (d)  metnods  of  protection  from  the 
effects  of  atmospheric  and  other  noise  sources  external  to  the  system. 

Until  the  results  of  these  tests  are  in,  it  is  recommended  that: 

a.  Data  channels  with  a  high  probability  of  destruction 
be  excited  with  as  low  voltage/current  level  as 
practical  and  grouped  and  isolated  from  probable  surviving 
channels  with  respect  to  cable  bundles,  junction  boxes, 
signal  conditioning  racks,  and  recorders. 

b_.  The  survivor  channels  be  excited  at  the  highest  possible 
voltage  level  sc  that  gains  may  be  minimized.  Ail 
transducers  should  be  selected  so  that  their  upper 
input  limits  are  approached  but  not  exceeded.  Their 
bridge  symmetry  should  be  the  best  available. 

£.  Recording  van,  junction  box,  and  transducer  grounding 
schemes  be  evaluated  in  place  and  adjusted  to  produce 
the  most  noise-free  configuration  available. 

a_.  At  least  one  representative  of  each  type  transducer 
be  isolated  from  all  mechanical  input. s,  calibrated 
and  recorded  during  the  test.  This  will  provide  a 
means  for  the  identification  and  subtraction  of 
coincident  noise  from  the  data. 

e..  Total  experimenter  participation  in  full  power-full 

frequency  ( FPFF )  dry  runs  be  imperative.  No  event  should 
be  fired  until  ail  data  recorded  on  FPFF  are  acceptable. 


Figure  3.  Test  layout  for  common  power  and  excitation 


Figure  4.  Test  layout  for  separate  power  and  excitation 
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Figure  6.  Noise  test  results 
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